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Reporting in Molecular Cell, Tanaka et al. (2012) show that the Ku heterodimer recruits the condensin
complex for retrotransposon clustering in Schizosacchromyces pombe. Histone H3 acetylation on lysine
56 blocks Ku binding and modulates this regulation of genome organization during the cell cycle and in
response to DNA damage.The dynamic structural organization of
eukaryotic genomes during the cell cycle
is responsible for proper DNA replica-
tion, segregation, and repair, as well as
regulation of gene expression. These
processes are essential in order to protect
against genomic instability and to main-
tain cellular homeostasis. Recent tech-
nological advances in cell imaging,
genome-wide location analysis, and chro-
mosome conformation capture-related
approaches are rapidly changing this
research field. Indeed, budding and
fission yeasts have been instrumental in
the study of the contributions of Structural
Maintenance of Chromosomes (SMC)
complexes—cohesin and condensin—to
nuclear organization. During the cell
cycle, cohesin and condensin are impli-
cated in chromosome cohesion and
condensation, respectively (reviewed in
Wood et al., 2010). How SMC complexes
associate with the eukaryotic genome is
not well understood.
The clustering of chromosomal regions,
such as telomeres, to the nuclear
periphery is an essential feature of chro-
mosome arrangements in the nucleus
that impact gene expression and the
DNA damage response (see references
within Tanaka et al., 2012). The Ku
proteins play a central role in the repair
of DNA double-strand breaks through
the nonhomologous end joining (NHEJ)
pathway and protect DNA ends from
degradation. More recently, the Ku heter-
odimer was shown to tether telomere
clusters and unrepaired DNA breaks to
the nuclear periphery. A new study by
Tanaka et al. (2012), recently published
in Molecular Cell, now puts Ku at the
center of condensin-mediated chromo-
some structural organization throughsequential interactions with a CENP-B
centromeric protein (Abp1). The authors
further provide insight into the chromatin
modification that regulates this Ku
function.
In order to better understand the
roles of the Ku heterodimer in genome
organization, Tanaka and colleagues
(2012) profiled the genome-wide occu-
pancy of Ku70 and Ku80 in fission
yeast. Ku was found at telomeres, as ex-
pected, but also at most Pol III-tran-
scribed genes and the long terminal
repeats (LTRs) of retrotransposons dis-
seminated throughout the genome. While
depletion of Ku leads to the expected loss
of telomere tethering to nuclear periphery,
Tanaka et al. (2012) also demonstrate that
Ku has a much broader role in genome
organization. Previous work showed that
isolated LTRs throughout the yeast
genome tend to cluster, an association
that is dependent on CENP-B proteins
required for centromeric heterochromatin
(see citations within Tanaka et al., 2012).
Tanaka et al. (2012) now establish that
retrotransposon LTRs are clustered with
centromeric heterochromatin and teth-
ered to the nuclear periphery. This clus-
tering and association of LTRs with
centromeres is dependent on CENP-B
protein Abp1, which recruits Ku, which in
turn leads to recruitment of condensin.
The same group previously showed that
condensin is required for association of
the Pol III-transcribed genes (tRNA, 5S
rRNA) to centromeres (see references
within Tanaka et al., 2012). These results
suggest that condensin plays a central
role in genome organization through the
Ku-Abp1 connection by mediating asso-
ciation of Pol III-transcribed genes and
retrotransposon LTRs to centromeresDevelopmental Cell 23, Deand the nuclear periphery. The contribu-
tion of Ku to the clustering of dispersed
LTRs should have a great impact on over-
all genome organization, and Tanaka et al.
(2012) certainly provide important insights
into the molecular mechanisms leading to
this organization.
In addition to thedissectionof theAbp1-
Ku-condensin implication in the clustering
of LTRs at centromeres, the work of Ta-
naka et al. (2012) also identifies the func-
tional chromatin-based switch regulating
this phenomenon during the cell cycle.
The authors find that acetylation of histone
H3 on lysine 56 (H3K56ac) blocks Ku
binding, condensin recruitment, and LTR
clustering. H3K56ac has been linked to
chromatin assembly during replication
and DNA repair and needs to be removed
toallowcell-cycleprogression (Masumoto
et al., 2005). Interestingly, it has also been
reported that the H3K56 acetylation/
deacetylation cycle is required for proper
telomere localization in budding yeast
(Hiraga et al., 2008). Altogether, these
data suggest that the H3K56ac mark is
a major switch that regulates genome
organization.
Interestingly, H4K20 monomethylation
(H4K20me1) has been proposed to play
a similar switch role for condensin II
recruitment to mammalian chromosomes
(Liu et al., 2010). H4K20me1 is removed
by the PHF8 demethylase during the G1
and S phases of the cell cycle but is
retained during mitosis (G2/M). In
prophase, the condensin II complex
directly recognizes H4K20me1, an essen-
tial step for progression through mitosis.
Therefore, histone modification switches
control association of the condensin
complex to specific chromatin regions
during different phases of the cell cyclecember 11, 2012 ª2012 Elsevier Inc. 1127
Figure 1. Chromatin Switches Regulating Chromosome
Condensation during Cell Cycle
Fluctuating H3K56ac and H4K20me1 levels during cell division regulate con-
densin occupancy. During interphase, condensin I is excluded from the
nucleus while condensin II remains nuclear. When cells enter G1, condensin
dissociates from chromosomes. The nuclear distribution of retrotransposon
LTRs and Pol III-transcribed genes during interphase requires condensin.
The presence of Ku70/80 to LTRs is responsible for recruitment. During S
phase (or DNA damage response), H3K56Ac blocks Ku70/80 and condensin
recruitment to allow DNA replication (or DNA repair). During G2, condensin II
accumulates at H4K20me1-occupied regions throughout the genome. After
nuclear envelope breakdown during mitosis, condensin I has access to chro-
mosomes, becomes phosphorylated, and associates with H2A/H2A.Z histone
tails. How condensin complexes are unloaded after mitosis remains to be
determined.
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during S phase and the DNA
damage response prevents
condensin accumulation,
while H4K20me1 stabilizes
condensin association during
mitosis. Persistent H3K56ac
is linked to genome insta-
bility, perhaps in part through
inhibition of condensin load-
ing and H4K20me1.
The intimate link between
condensin and histones has
also been highlighted by
another study in fission yeast
wherein histones H2A and
H2A.Z variant were shown to
act as receptors for the con-
densin I complex during
mitosis (Tada et al., 2011).
The histone N-terminal tails
and condensin I subunit CAP-
H/kleisin directly interact
upon condensin phosphory-
lation by Aurora B. In addition,
it is known that loss of H2AZ
leads to genome instability
during anaphase and prema-
ture dissociation of conden-
sin (Kim et al., 2009). Taking
these findings together, a
model (Figure1) couldbecon-
structed whereby histone-
based switches control the
recruitment of condensin
complexes during the cell
cycle to organize the genome
architecture.
As a perspective on future
work, it will be interesting
to determine the molecular
mechanism by which
H3K56ac disrupts recruit-
ment of Ku by Abp1, ulti-
mately blocking condensin
association. It will also be im-
portant to determine whetherand how these mechanisms are con-
served in higher eukaryotes. H3K56ac
levels are extremely low in mammalian
cells (Drogaris et al., 2012). On the other
hand, this mark seems to be more abun-
dant in embryonic stem cells (Xie et al.,
2009), and condensin is known to play
important roles in these cells for mitotic1128 Developmental Cell 23, December 11, 2progression and interphase chromatin
structure (Fazzio and Panning, 2010).
Lastly, it is tempting to correlate how
marks on histones seem to regulate the
functions of the two classes of SMC
complexes, namely condensin and
cohesin. The latter is known to be impor-
tant not only for chromosome cohesion012 ª2012 Elsevier Inc.but also for DNA repair by in-
teracting with g-H2AX-con-
taining chromatin around
DNA breaks. It is also tar-
geted through recruitment
by H3K9me3-binding Swi6
protein in fission yeast
(Wood et al., 2010). Overall,
it is clear that there is a lot
more to be done to uncover
the mechanisms controlling
the chromosome organiza-
tion, but a very interesting
picture of the key role played
by the histone modifications
is emerging.REFERENCES
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